The overwhelming perception of surface mining is that it has significant adverse long term effects on the conservation of flora and fauna, and that there is typically a net loss in biodiversity, particularly those which have been identified as Biodiversity Action species and habitats under the Convention on Biological Diversity (CBD). These are enshrined in UK legislation and policy as to their protection, enhancement and promotion. The mining legacy of the coal and iron industrial revolution in the coalfields of South Wales is thousands of spoil tips scattered across the landscape and dating from the early 1800s. Many of these have vegetation and habitats that are now recognized to be of importance for biodiversity and even have their own action plan for preservation. In particular, it is recognized that the tips in South Wales are important for lower plants (lichens, bryophytes, and fungi) species. Some tips are of such national importance they have been given statutory protection as nationally important Sites of Special Scientific Interest (SSSI). The issue of their conservation in South Wales became topical in the mid to late 2000s with several studies being commissioned by the regulating authority, the Countryside for Wales. In cases of particularly rich assemblages on old tips, these have the potential for and have actually halted a number of future surface mine prospects. In the case of lichens, these delicate pioneer assemblages are not only under threat from agriculture, forestry, and public pressures, but also from vegetation development and succession. Without intervention many high quality sites are likely to be lost through competition and shading by grasses, bracken, heather, bilberry, scrub, and woodland. As a result of surveys undertaken in 2012 we have found that colonization of new coal mine wastes is relatively rapid resulting in equivalent lichen assemblages (to those found on the 150-year-old tips) establishing within 20 years. It is argued that new surface mines provide a means of sustainably conserving the assemblages by the creation of new lichen heath habitat through the commissioning of new mines.
Lichens are a feature of many floras of the globe, in hemispheres, spanning almost the entire range of climatic conditions, and flourishing particularly on impoverished substrates. It is therefore not surprising they are associated with mine spoils. The early colonization of coal mine spoils by lichen flora is long acknowledged and is well documented in Europe and the USA as well as in the UK (Lawrey and Ruddolph, 1975; Goodman and Bray, 1975; Hedin, 1988; Prach, 2011) . Deliberately leaving mine spoils to the natural colonization process has been advocated as an alternative means of revegetating mine spoils (Hodvacova and Prach, 2003; Dos Santos et al., 2008; Prach and Hobbs, 2008) . Where conventional reclamation schemes have failed, early colonists and the start of the colonization process by mosses and lichens has been reported (Haigh, 1992) .
The natural colonization of coal spoil by rare 'specialist' flora and fauna is considered to be of particular ecological significance and scientific value (Lunn and Wild, 1995) , such that coal spoil habitats are now recognized nationally having their own Biodiversity Action Plan (Joint Nature Conservation Committee, 2010). The importance is underpinned by their designation in the UK planning system of particularly exceptional examples as (legally protected) Sites of Special Scientific Interest (SSSI) of national/regional importance or (non-legally protected) Sites of Importance for Nature Conservation (SINC) of county importance. In the UK, probably the South Wales Valleys stand out in this respect given the extensive and landscape scale of deposited coal spoil.
In South Wales, mining and the altered landscape have deep cultural roots dating back to preRoman times. Large scale surface disposal of spoil and the resulting despoliation of the landscape took place in the 1800s and 1900s with firstly the coal and iron industrial revolution (then the World's center of coal and iron production) and secondly the facilitation of the growth of the national economy and urbanization through mechanization. The legacy of this activity is staggering with thousands of tips and mine structures, many of which remain today (Roberts and Graham, 2008) .
The 1966 Aberfan disaster (involving the slippage of 40,000m3 of coal spoil) with the loss of a school and many of its children and adults (Wikipedia, 2013) resulted in the UK Mines and Quarries (Tips) Act 1969 (Her Majesty's Government, 1969) and the engineered and complete revegetated cover approach (Richards, Moorhead, and Laing, 1996) for legacy subsequent newly deposited coal wastes. Whilst in many situations this approach was justified on stability and environmental protection grounds, it excluded natural colonization opportunities by early colonist lichen assemblages. This in concert with the stepping-up of land reclamation for stabilization after mining, economic redevelopment and housing, environmental protection, and recreation (Wallwork, 1974; Griffiths, 1998; Ledbury, 2006; Syms, 2010) , contributed to naturally colonized coal spoil vegetation becoming a scarcer commodity. This coupled with the advancement of vegetation succession from open habitat pioneer communities to closed grassland, heathland, scrub, and woodland communities has resulted in the former now being a rare type. So much so that Jones and Jones (2008) predicted that within the 20-50 years (in absence of intervention to reverse the successional process by recreating and maintaining areas of bare spoil) there would be a complete loss of the pioneer lichen heath on the legacy spoil tips in South Wales. The need to take the succession back to the initial bare substrate is supported by studies on the restoration of lichen diversity on coastal dunes and inland blown sand habitats (Ketner-Oostra et al., 2006;  Ketner-Oostra et al., in preparation). Jones and Jones (2008) considered such action to be unlikely owing to its cost and practicalities. 
Peltigera hymenina
To assess the conservation importance of a site, the following was then applied: If all answers are no or yes to only one question, then the site is likely to be of low conservation interest, or if answer is yes to two questions, the site is likely to be of medium conservation interest, but if answer is yes to three questions the site is probably of high conservation interest.
Investigation of Lichen Heath on Coal Spoils
Establishment on a Legacy Coal Spoil Tip (Table 1) . Where, and only where, there was an absence or a sparse ground cover of either acid grassland or heathland vegetation was there lichen heath.
The vegetation on the tips at this site has for some time been recognized to be of high conservation value (Williams and Chambers, 2003) . As a result the tips are now a constituent part of the Aberdare Mountain SINC and in their own right qualify for such designation using the MidValleys selection criteria (Caerphilly County Borough Council et al., 2008) . The 2012 survey results confirmed the high conservation status of the coal spoil lichen heath at this site. However, the lichen heath is only persisting due to the arrested succession to heathland, scrub, and woodland by low levels of grazing by cattle and the erosion of the steeper tip sides. It is evident from the encroachment of grassland and heath that even these areas will in time become fully vegetated.
Establishment on Coal Spoil at an Active Surface Mine
In August 2012 a lichen survey of a recently restored land, and storage and spoil mounds was undertaken at Celtic Energy's active mountain top (about 300m AOD) Nant Helen Surface Mine (SN 830.110) in the Welsh County of Powys (Smith, 2012b) . The surveyed areas included three aspects of the main overburden mound (in place for up to about 20 years), two soil storage mounds (these were not soil but selected Coal Measure shales and mudstones to be used as 'soil-forming material' for site restoration, i.e., soil substitute), and in place for 14-20 years, and a restored area that had used soil-forming materials (in place for about 17 years). 
Cladonia furcata 4 Marsupella emarginata 4
Cladonia gracilis 4 Nardus stricta 4
Cladonia uncialis 4 Pleurozium schreberi 4
Deschampsia flexuosa 4 Ptilidium ciliare 4
Galium saxatile 4 Rhytidiadelphus squarrosus 4
Ptilidium ciliare 4 Bare spoil/soil 0
Racomitrium lanuginosum 4

Rickenella fibula 4
Rumex acetosella 4
A total of 57 lichen species and three lichenicolous fungi were recorded at the operational mine site (Appendices 1 and 2). As at the Legacy site, Cladonia formed characteristic and conspicuous lichen heath carpets on the overburden and the soil (forming) mounds (Table 2) Using the methodology of Miller et al. (2007) all of the areas and features surveyed at Nant
Helen are assessed as being of high conservation value and, because they are greater than 0.25ha in extent, the overburden mound, the restored area, and one of the soil mounds would qualify in their own right both as a SINC and as a contributing feature to the UK BAP targets for open habitats on previously developed land (which includes coal spoil). Table 2 continued.
Area Restored with Soil Forming Material
Species (lichens in bold) %cover
Dibaeis baeomyces 55
Bare ground 20
Calluna vulgaris 20
Campylopus introflexus 5
Cladonia cervicornis ssp. verticillata 5
Cladonia diversa 5
Cladonia floerkeana 5
Cladonia furcata 5
Cladonia ramulosa 5
Diplophyllum albicans 5
Ditrichum heteromallum 5
Erica tetralix 5
Hypnum cupressiforme 5
Juncus conglomeratus 5
Juncus effusus 5
Juncus squarrosus 5
Molinia caerulea 5
Pinus sp. (seedling) 5
Pleurozium schreberi 5
Pogonoatum urnigerum 5
Polytrichum commune 5
Porpidia macrocarpa 5
Rhytidiadelphus squarrosus 5
Stereocaulon dactylophyllum 5
Other Active Mine Sites
The occurrence of lichen heath on active mine sites in the South Wales Coalfield is not restricted to Nant Helen. Using the Miller et al. (2007) method it is easy and quick to assess the occurrence of coal spoil habitats and lichen heath on coal spoil -lichen heath assemblage.
'Walkover surveys' by the Author confirmed the widespread occurrence of lichen heath on the overburden mounds at Celtic Energy's active East Pit and Selar sites, and at its 'moth-balled'
Margam site. Middleton and Lunn (2001) reported similar findings for legacy and active coal spoil tips at the Yorkshire Coalfield. Like at Nant Helen and the above sites visited, Cladonia species, typical of coal spoil lichen heath habitat, were present. They reported 19 species across three sites (average 13.5 species per coal spoil site) with the most frequently encountered being C. chlorophaea, C. coniocraea, C. fibriata, C, floerkeana, C. furcata, C. pyxidata and C. subulata.
Middleton and Lunn considered the lichen assemblage found, including the very rare C.
cyathomorphpha, at the Carcroft Colliery site to be exceptional for both Yorkshire and even for stands semi-natural heathland.
Surface Mining and Conservation of Lichen Heath
The purpose of this paper was to answer the question "does the surface mining of coal have a role to play in the promotion and conservation of coal spoil lichen heath habitat?" The answer is clearly 'yes' as the surveys have shown similar and important assemblages of coal spoil lichen heath can occur on active mine sites.
Importantly, the survey dispels the common myth that diverse assemblages can take decades if not more than a century to develop. Middleton and Lunn (2001) 
reported colonization by
Cladonia species after about 5 years (this coinciding with leaching of these highly saline spoils (Taylor et al., 1984) . About a 20-year period was suggested by Jones and Jones (2008) and the findings at the Nant Helen mine site agree with this.
Contribution to Biodiversity Programs
It appears that operational mine sites, as net contributors to local and national BAP programs and targets for lichen heath and other pioneer communities, have not yet been realized by both mining companies, nature conservation regulators, and the decision-making authorities in the UK.
Operational mines are seen negatively as being destructive and devoid of any biodiversity contribution. This is probably true of mines in other countries than just the UK, and hence the findings in this study should be of wider interest.
In active surface mines, mine spoil (overburden) mounds may be in place for 20 or more years before final site restoration. These are extensive structures and in areal terms greatly exceed the minimum qualifying 0.25 ha for contributing to BAP targets (JNCC, 2010) and designation as a SINC in Wales (Caerphilly County Borough Council et al., 2008) . There is therefore a huge potential for mine sites to make a significant contribution to biodiversity and the national recovery program (Joint Nature Conservation Committee, 2010) . This is seemingly relevant as national BAP targets are reviewed on a 10-year cycle.
Opportunity for Strategic Planning
As the lichen heath on the legacy tips is being progressively lost (Jones and Jones, 2008) , current and new mine sites provide the opportunity for spoil habitat replacement and could be planned for the operational phase of current mines as well as surface mines of the future. This is important as without replacement habitat, eventually the local source of propagules will diminish resulting in a reduced likelihood that lichen heath will persist (even on new mine spoils) in the future.
The scale of the replacement of habitat and contribution by mining is significant. In terms of 'available' overburden the current surface mines of Nant Helen, Selar, Ffos y Fran, Tower
Regeneration, East Pit, and Margam have the potential to contribute up to 3.5km 2 of coal spoil habitat, with a further potential 1.5 km 2 from the proposed Nant Llesg and Bryn Defaid surface mines. As these sites are restored, new mining prospects have the potential and could be planned to replace them. There is therefore an imperative that provisions to promote the establishment of lichen heath and other pioneer communities on overburden and similar materials is incorporated into mine plans, and particularly where it is considered to have a high potential to occur. Taking the argument further, there may be cases where colonized overburden tips due to be backfilled as part of the final mining phase could (for conservation reasons) be retained as an important biodiversity resource.
An important outcome of this study is that regulators and decision makers need to realize that the occurrence of lichen heath on prospective sites should not necessarily be a barrier to mine development as mining could, with a strategic planned approach, make beneficial local and national contribution to the conservation of coal spoil habitats.
Reclamation Practice
From the survey evidence reported here and the Author's own observations over the past thirty years and in particular during the restoration of parts of Nant Helen, colonization by lichens is relatively rapid and simply dependent on the availability of propagules and open mineral substrate.
This concurs with the observation of Middleton and Lunn (2001) , and the views of Miller et al. (2007) and Jones and Jones (2008) .
Alternatively, the introduction of lichen propagules has been successfully used to promote lichen establishment (Scheidegger, 1995; Gilbert, 2002; Liden, 2009) . This approach has proved to be markedly effective in promoting lichen establishment on the restored area with soil-forming material at our Nant Helen site (Smith, 2012b) . For the lichen heath on our prospective Bryn Defaid site we are planning to selectively recover and 'seed' the surface of the overburden mound or soilforming material with the colonized material, and on mine restoration reintroduce the lichen heath onto simulated spoil tips within the restored land. Willey (1982) on the other hand advocated the promotion of colonization by Cladonia and other lichen species through facilitation by planting Dryas or other early vascular plant colonists at a mine in the alpine region of British Columbia. However, one clear practical lesson learned from our survey and the literature is that a persistent dense and competitive plant cover (either as a stabilizer of surface erosion on overburden and soil mounds or for landscape/land-use restoration) will exclude lichen heath, unless it is allowed to degenerate as observed by Haigh (1992).
Monitoring & Future Research
Given the findings of the surveys, there is a justifiable case for undertaking a review of active mine sites as to their current status and potential for supporting lichen heath and other pioneer coal spoil habitat communities as part of the local and national contributors to BAP targets. This has been undertaken by the planning authorities, conservation agencies and non-governmental organizations in South Wales for legacy mines and restored former mines.
There would be value in setting up a long-term and systematic monitoring scheme if the proposition is adopted that active mine sites are to provide replacement habitat for lichen heath assemblages and might enable a science-based prediction of colonization success to be developed for strategic planning purposes.
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Platismatia glauca 1 1 Xanthoria parietina 1
Phaeophyscia orbicularis 1
Physcia adscendens 1
Physcia tenella 1
